structures (4.5-6 Å) is not sufficient for visualizing side chains and 89 accurately tracing the polypeptide chain. However, they reveal the sec- proteins ClpX [23] and HslU [24] , both of which self-assemble into 
139
The dynein AAA ring has several asymmetric features. First, it is a 140 two-tiered structure with the α/β large domains on one level near the 141 linker, and the small domains positioned below the large domains 142 away from the linker (Fig. 1E) . However, these levels are not uniform, . The motor domains were superimposed by aligning the helices in the linker and AAA1, which superimpose well in the yeast and Dictyostelium structures. In the yeast dynein structure, the ring is more open and asymmetric than in the Dictyostelium dynein structure. Also, AAA5 is more shifted towards AAA4 in the yeast structure, resulting in a slight difference in the position where the N-terminus of the linker sits relative to the ring. (B) Comparison of yeast and Dictyostelium dynein AAA1-3. Asymmetry is more prominent and the AAA1-2 gap is wider in the yeast structure due to the different heights of AAA domains; specifically AAA2 is shifted further down with respect to AAA1. (C) Comparison of yeast and Dicytostelium dynein AAA1, 5, and 6. The AAA ring is more planar and the AAA5-6 gap smaller in the Dictyostelium structure. As discussed in the text, we speculate that the differences between yeast and Dictyostelium reflect distinct nucleotide occupancy in AAA1 (empty and ADP for yeast and Dictyostelium respectively). Note: the model for Dictyostelium dynein lacks several AAA helices that are present in the yeast model. ClpX AAA large domains Dynein AAA large domains 
This suggests that the middle region of the linker, particularly the 
Stalk and microtubule binding domain (MTBD)

201
The stalk is a~15 nm long anti-parallel coiled coil that protrudes 202 out of the AAA ring and has a microtubule binding domain at its tip 203 [27] . Sequence prediction studies [28] showed that the helix return- closer to AAA4 (Fig. 2A) . This variation seems to be a consequence of 306 the above mentioned differences in the position of AAA5 in yeast and 307 Dictyostelium, rather than a change in the linker structure.
308
The tip of the stalk of Dictyostelium dynein structure also differs 309 from the crystal structure of the isolated mouse stalk/microtubule 310 binding domain structure. In the mouse microtubule binding domain 311 structure, the stalk is locked into a "weak-binding" α-registry of the 312 coiled coil [30] . In this conformation, the conserved pair of staggered The larger Dictyostelium dynein C-terminus, however, has two-lobes 324 which appear to consist of helical bundles. The first lobe assumes a po-325 sition similar to the yeast C-terminus, while the second lobe packs un-326 derneath AAA5small and AAA1small. In between the two lobes seems 327 to be a flexible hinge region that can affect motor processivity [33] .
328
The difference in how the C-terminal structure crossbridges AAA 329 domains is intriguing, and might be related to the different motile The nucleotide binding pockets of AAA domains are formed at the 347 interface of two domains, a feature that likely facilitates interdomain 348 crosstalk as indicated in other AAA proteins [35, 36] . Surprisingly,
349
there is a very large gap between AAA1 and AAA2 in yeast dynein 350 (Fig. 3B) , which constitutes the primary site of nucleotide hydroysis [23] , which has two nucleotide-free and four 364 nucleotide-bound subunits (Fig. 3A) . In this structure, the nucleotide- than the nucleotide-bound interfaces (Fig. 3A) . This hypothesis also is 367 consistent with differences between the nucleotide-free yeast motor 368 domain and the Dictyostelium motor domain (crystallized with 369 ADP). In Dictyostelium, the AAA2 large domain is displaced higher 370 in the ring and thus closer to the AAA1 large domain (Fig. 2B) . How- (Fig. 3C) . Considering that AAA2-4 have been suggested to 378 play regulatory roles in dynein motility [37] [9], we initially proposed of Roberts et al. [22] ).
402
Besides the overall closure of the ring, it is also possible that local terial RNA polymerase) and also undergo nucleotide-dependent 413 structural changes [38, 39] (Fig. 4A) . One intriguing possibility is 414 that dynein has evolved a similar mechanism, but in this case uses 
425
The above model assumes a more passive role for the linker, The discovery of the buttress coiled coil [13, 14] has prompted a 446 new model for how sliding of the two helices in the coiled coil might 447 be initiated (Fig. 5C ). The original coiled coil sliding model postulated 448 that CC1 was pulled relative to CC2 at the base of the stalk, thus propa- two monomers in the Dictyostelium crystal structure (Fig. 5A) . Therefore, it seems likely that dynein walks on microtubules with its 496 two microtubule binding domains attached to different protofilaments.
497
The Dictyostelium crystal structure shows a very different arrange- (Fig. 6B inset) . This interaction might 504 simply reflect the way that the monomers pack in the crystal. However, 505 Kon et al. [14] suggested that the rings might interact in this conforma-506 tion during processive movement and that this interaction could allow 507 for communication/coordination between the two motor domains.
508
Indeed, a compact form of the dynein dimer would be expected during
processive motility, as dynein mostly takes small steps (8 nm, the 510 minimal subunit spacing along the microtubule), and ring stacking 511 has been observed in axonemal dyneins by electron microscopy 512 [43] . Furthermore, truncation studies show that the processivity of 513 Dictyostelium dynein is enhanced by the presence of its distal C-514 terminal domain [33] , which might be related to a role in a stacking mations that the stalk assumes in different crystal structures (Fig. 5B) .
541
To distinguish between these models derived from crystal structures, The function of the interacting two coiled-coils (the stalk and but- 
